vinyl-houses in Japan has continued to increase, suggesting that the rate of invasion by the alien bee is increasing (Matsumura et al., 2004) . It is feared that the alien bee will eliminate Japanese native species of bumblebee through competition because of the similarity of their ecological niches (Washitani, 1998) .
In 2005, the Japanese Government effected a new law, the Invasive Alien Species Act, aimed at protecting the Japanese native ecosystem from invasion by alien species. Under this law, the introduction, rearing, and field release of alien species defined as "invasive" by scientific judgment are regulated (see Mizutani and Goka, 2010, this issue) . Many ecologists and entomologists have argued that B. terrestris should be defined as an invasive alien species under this law. Conversely, agriculturalists concerned about conserving agricultural productivity have objected to legal regulation of the use of B. terrestris. The alien bee has therefore become caught in a dilemma between the two ultimate agendas: biological conservation and agricultural productivity.
Although conservation of the Japanese ecosystem is the first policy of the law, another of the law's policies is that the socioeconomic background to the use of introduced species should be considered in full before decisions are made to regulate a species. Therefore, because the introduction of B. terrestris had both an economic aspect through its contribution to agricultural productivity and a social aspect through improvement of the living standards of farming families because of the improved productivity, caution was required in making a decision to declare B. terrestris an invasive alien species.
RISK AND IMPACT ASSESSMENT OF B. TERRESTRIS
In light of the above situation, the Ministry of the Environment set up a Bumblebee Specialist Group to discuss how B. terrestris would be managed. The group listed four ecological risks posed by B. terrestris: (1) excluding native pollinators through competition for food and nest sites; (2) inhibiting reproduction of native plants by disturbing pollination ecosystems; (3) disturbing reproduction of native bumblebees through interspecies crosses; and (4) introducing alien parasites that could be pathogenic to native species. Although various aspects of these four ecological risks had been assessed before (see Goka et al., 2000 Goka et al., , 2001 Matsumura et al., 2004 ), more precise and empirical data on the ecological impacts of B. terrestris in the field were required before a legal decision could be made. The Specialist Group therefore decided to collect these data for 1 year to verify the invasiveness of the bee. The National Institute for Environmental Studies then set up a study project called "Development of control methods for ecological risks posed by introduced bumblebees". The project was supported by the Research Project for Utilizing Advanced Technologies in Agriculture, Forestry, and Fisheries, in collaboration with other institutes, universities, private companies, and government. The study project has been dealing with the task of determining the four listed ecological impacts in the field since April 2005.
Competitive exclusion of native bumblebees
Initially, our field survey in Hokkaido showed that, in terms of niche overlap for limited nest sites, Bombus hypocrita sapporoensis and Bombus diversus tersatus were the two native species most likely to be affected by B. terrestris through competitive exclusion (Inoue et al., 2008; and see Inoue and Yokoyama, 2010, this issue) . Furthermore, accumulated data on the spread of the distribution of B. terrestris in the field in Hokkaido since 2003 indi-cated that the alien bee had predominantly invaded human-modified areas such as agricultural land and residential areas, but had also recently affected natural habitats such as coastal and alpine grasslands (Yamaga and Kida, 2005; Yokoyama and Nakajima, 2005; Yamaga, 2006 Yamaga, , 2007 Yokoyama et al., 2007 ; and see Yokoyama and Inoue, 2010, this issue) . From this information, we concluded that B. terrestris had a high potential to competitively exclude native bumblebees in the field.
Inhibition of reproduction of native plants
Second, we found that B. terrestris reduces the success of pollination of the Japanese endemic flower Corydalis ambigua in the field. Because the flowers of C. ambigua have long spurs, they are usually pollinated successfully by Bombus ardens, which possesses a long proboscis. However, because B. terrestris, which has a short proboscis, cannot reach the nectar at the bottom of the long spurs, it robs the nectar by gnawing a hole in the side of flower; this inhibits normal pollination and thus decreases the reproductive success of the plant. A field survey comparing the flowers visited by native bumblebees with those visited by B. terrestris showed that seed reproduction rates were significantly lower in the latter (Dohzono et al., 2008 ; and see Dohzono and Yokoyama, 2010, this issue) .
Reproductive disturbance by interspecies crosses
Third, we verified that B. terrestris caused reproductive disturbance of native bumblebees in the field through crossing. Laboratory experiments showed that crosses between the queens of native species and males of B. terrestris resulted in the production of non-viable hybrid eggs; for all practical purposes these native queens were therefore rendered sterile. Additionally, analysis of the DNA sequences of the spermatozoa stored in the spermathecae of native queens in Hokkaido Island and Tohoku district showed that about 30% of B. hypocrita queens had mated with B. terrestris males. Given that a Bombus queen generally mates only once in her life, these high frequencies of interspecific mating with B. terrestris pose serious threats to the populations of native bumblebees in Japan (Kondo et al., 2009; see Tsuchida et al., 2010, this issue) .
Carrying alien parasites
Alien parasites occasionally cause serious damage to native species. For example, the varroa mite, Varroa destructor, which is a virulent parasite of the European honeybee Apis mellifera, is native to eastern Asia, where it parasitizes the eastern honeybee, Apis cerana (Oudemans, 1904) . The mites were introduced into the Western Hemisphere from Japan and eastern Russia through the transportation of European honeybee colonies. The mite is now responsible for enormous losses of European bee colonies worldwide. There are more than 100 known parasite species (including viruses, fungi, protozoa, nematodes, insects, and mites) associated with bumblebees (Schmid-Hempel, 1998) . It is possible that these parasites are already carried into Japan in imported bumblebee colonies.
As expected, we found an endoparasitic mite, Locustacarus buchneri, in introduced colonies of B. terrestris in Japan in 1999 (Goka et al., 2000) . The average infestation rate in bee colonies imported from the Netherlands and Belgium was 20%. We investigated the status of infestation by this tracheal mite in natural populations of Japanese native bumblebee species collected between 1997 and 2002. We also investigated mite infestation in commercial colonies of B. terrestris imported between 1997 and 2002. We detected the mites in natural populations of two species (B. hypocrita sapporoensis and B. hypocrita hypocrita) (infection rates were ϳ5% individuals) and in the commercial colonies (infection rates were ϳ20% colonies). Analysis of variations in the mitochondrial DNA (mtDNA) cytochrome oxidase subunit 1 (CO1) gene showed that the mite haplotypes in the native populations and imported colonies did not overlap until 2000. In that year we detected some mites possessing European mtDNA haplotypes in the natural populations of Japanese native bumblebees and many mites possessing Japanese haplotypes in the imported commercial colonies. Because the Japanese native bumblebees B. hypocrita sapporoensis and B. hypocrita hypocrita were once exported to Europe for commercialization, these results indicate that bumblebee commercialization has caused overseas migration and cross-infestation with parasitic mites among natural and commercial colonies .
On the basis of the scientific data obtained on these four ecological impacts, at the Specialist Group meeting held in December 2005 B. terrestris was declared to be invasive threat to Japanese native fauna and flora and to therefore require regulation by law.
CONTROLLED USE OF INVASIVE ALIEN SPECIES
According to the Invasive Alien Species Act, alien species defined as invasive must not, in principle, be introduced, bred, or released. However, the law also states that even an invasive alien species may be introduced into and reared in Japan with permission of the Minister for the Environment, but only if the purpose and conditions of use of the species satisfy the regulations under the law. The Specialist Group also considered a permission system for the use of B. terrestris whereby the species may be used for agriculture but only in a secure facility that has a means to prevent its escape.
In the study project, alongside our ecological impact surveys we developed methods for preventing the escape of B. terrestris from glasshouses where the species is used. We succeeded in establishing a technique for covering glasshouses with nets, making it possible to completely prevent the escape of the bumblebees from the glasshouses (Fig. 2) Koide et al., 2008) .
Furthermore, we developed a statistical method for estimating the numbers of nests of B. terrestris naturalized in the field; this method will be used to monitor the status of the bees' escape into the field (Kokuvo et al., 2007 (Kokuvo et al., , 2008 ; and see Toquenaga and Kokuvo, 2010, this issue) . On the basis of the establishment of these methods for the control and monitoring of the naturalization of B. terrestris, the Ministry of the Environment decided to adopt a permission system for use of the species. Since March 2007, farmers have been required to completely cover their glasshouses with net and obtain permission from the Ministry of the Environment before using B. terrestris.
FURTHER ISSUES ASSOCIATED WITH B. TERRESTRIS
In terms of control of invasive alien species, the decision to regulate B. terrestris under the law in Japan is epoch-making from the following two perspectives. The first is that the law can regulate even a beneficial species such as a pollinator when that species is declared invasive. The second is that the law can combine conservation ecology with agricultural productivity. The legal regulation of B. terrestris can therefore be considered a revolutionary trial aimed at reaching a state of mutualism between biodiversity and agriculture.
Nevertheless, many obstacles need to be overcome if this trial is to succeed. To secure the legal regulation of B. terrestris we need to educate farmers on the need to control B. terrestris. Monitoring systems that suit the control conditions in each glasshouse need to be constructed, and farmers need to be helped to cover the costs of controlling B. terrestris.
As an alternative, the Ministry of Agriculture, Forestry and Fisheries is recommending the use the native bumblebee species B. ignitus as an alternative pollinator of tomato plants. As the native species is covered by the law, farmers cannot be penalized if the bee escapes from their glasshouses. However, the natural distribution of B. ignitus is limited to parts of the Japanese islands of Honshu and Kyushu; it does not inhabit Hokkaido, where the use of B. terrestris is the greatest in Japan and therefore the need for an alternative pollinator is highest. Even a native species poses a risk of acting as an invasive alien species when it is transported artificially beyond its natural habitats. The first potent impact could be genetic introgression caused by crosses between the natural and commercial colonies. Through DNA analysis we have already found genetic diversity among local populations of B. ignitus; this observation indicates the need to account for the genetic endemism of B. ignitus before using commercialized colonies of it (see Tokoro et al., 2010, this issue) .
Furthermore, recent shortages in the supply of the European honeybee, A. mellifera, all over Japan are increasing the demand for the use of bumblebees as alternative pollinators of various agricultural crops in addition to tomato; diversification of use could make the ecological risks posed by commercial bumblebees more difficult to control.
WHERE NOW, BUMBLEBEE?
Recently, the global economy has been changing radically and dynamically. This rapid economic development is accelerating consumption of natural resources and food production, which in turn are likely to exacerbate a range of global environmental problems such as climate change, forest destruction, desertification, and extinction of wildlife. Food supplies based on sustainable agricultural systems are among the most important targets of environmental management in the changing world.
To resolve these problems, the use of biological agents such as predatory arthropods and pollinators is now expanding worldwide. Notably, in Europe and the United States, many companies have been established to produce and sell these biological agents, and the size of their markets is increasing. Under such circumstances, B. terrestris made its global appearance as a "white knight" biological agent for the promotion of sustainable agriculture. Consideration and discussion of ways to control the ecological risks posed by this species will help to secure the future of biological agents and agricultural systems, not only in Japan but also globally.
The International Meeting for Ecological Risk Assessment of the Introduction of Bumblebees was held in Tsukuba, Japan, from 26 to 27 February 2008 to discuss the problems posed by B. terrestris in Japan and globally. Here, we present a special issue summarizing the topics discussed in the meeting. Various aspects of the ecological risks posed by B. terrestris are reviewed, and meaningful conclusions obtained from the reviews are presented as well. I hope that this special feature will facilitate new advances in the ecological study of B. terrestris and other biological agents.
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